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ABSTRACT
Appropriate soil management is essential to promote less intensive and more envi-
ronmentally sustainable production systems for ligneous crops. This paper reports field
experiments performed on olive plantations and vineyards with the following objectives:
to evalúate the efficacy of different management systems with respect to traditional sys-
tems used in semiarid, continental environments; to establish the most appropriate herba-
ceous cover (weeds, subclover) in terms of reduced erosión and competition for water
and nutrients; and to assess the efficacy of different strategies aimed at increasing the
nitrogen and organic matter contení of these soils, including the cultivation and subse-
quent burial of vetch in olive plantations, the burial of chopped, dry vine branches in
vineyards, and the use of a subclover cover. Experimental plots were subjected to the fol-
lowing treatments: 1) vetch cover (Vicia sativa, 100 kg/ha) for olive plantations; 2) bur-
ial of dry vine branches for vineyards; 3) traditional tillage, leaving the soil free of weeds
all year-round; 4) non-tillage plus subclover covers (Trifolium subterraneum, a mixture
of Nungarin, Daliak, and Esperance cultivars at 15 kg/ha); 5) non-tillage plus weed cov-
ers formed by the growth of spontaneous vegetation followed by mechanically mowing
at the beginning and middle of spring and; 6 ) non-tillage accompanied by the use of her-
bicides. The soil water contení of the plots was determined gravimetrically on samples
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obtained at depths of 0-20, 20-40 and 40-60 cm. The different vegetation covers were
assessed in terms of coverage achieved and conservation of biodiversity. Finally, the
impact of the different treatments on chemical (O.M, N, P and K ) and biochemical (ATP,
CO,/ATP) fertility was also examined. It was observed that as early as the fírst year, the
plant covers provided the crops with protection against erosión. During years of normal
rainfall, these covers showed no significant competition with the ligneous plants, partic-
ularly before becoming too dense. The management strategy used favoured the presence
and abundance of spontaneous legumes in the olive plantation. Subclover planted in the
vineyard was notably persistent. Despite the short study period, effects on soil fertility
are starting to emerge, with indications of microbial regeneration. This was of greatest
intensity in plots sown with subclover.
Key Words: tillage systems, plant covers, soil fertility, soil moisture
INTRODUCTION
Although several soil management strategies may be applied to the cultivation of
vines and olive trees, the currently most widely used method is mechanical tillage.
Vineyards and olive plantations are tilled: a) to elimínate weeds which compete for water
and nutrients; b) to promote water penetration and retention; c) to incorpórate organic
matter into the soil; and d) to aérate the soil (Finch & Sarp, 1983; Lisa, 1995; Pastor &
Castro, 1995; Saavedra, 1997). However, recent fíndings suggest that only the increased
rate of water filtration would technically warrant mechanical tillage, since at a certain
depth a plough pan eventually forms which substantially reduces the water filtration rate,
hinders water reloading and promotes soil loss by erosión.
Although vineyards and olive plantations have in the past been subjected to intensive
tillage, this practice does not appear to be the most effícient in many cases, since full use
is not made of the soil in that roots are unable to penétrate its entire thickness. Techniques
of non-tillage (Pastor, 1989a, 1995) despite leaving the soil bare, serve to reduce the
effects of erosión since the soil is more compact. However, these methods fail to
increase the water filtration rate and intense rainfall frequently provokes the formation
of excessively deep erosión fissures.
Planting cercáis is an effícient method of reducing erosión since it provides an effec-
tive cover for several months, with no effect on the quantity and quality of the harvest-
ed crop (Castro & Pastor, 1994). However, the drawbacks of the use of cercáis include
an increased fire risk and the need for complementary nitrogen fertilizers. Herein, we
evalúate the possible use of leguminous covers such as vetch, which would reduce culti-
vation costs due to the fixing of substantial amounts of nitrogen. Another alternative con-
sidered is the use of other small, creeping, nitrogen-fixing autochthonous legumes such
as subclover.
In addition, the partial cutting back of weeds, or resident vegetation (Pastor, 1989a;
Ingels et al., 1994), such that some seed dispersal is prometed was also explored. The
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present investigation describes the results obtained in different triáis performed over a
three-year period with the main aim of evaluating sustainable management systems
directed towards the conservation of soil in semiarid áreas.
MATERIALS AND METHODS
Site description
Triáis were conducted on 7.5 ha. of olive plantation and 4 ha. of vineyard at the
Higueruela Experimental Farm (Toledo, Spain ) over a three year period (1997 to 1999).
This área of Mediterranean climate with irregular rainfall, which is commonly torrential,
has suffered centuries of runoff and soil loss phenomena. The olive/vine agricultural sys-
tems of semiarid regions were selected for the present study due to their importance in
the Iberian Península. In this terrain, over 70% of the total rainfall is recorded from
October to March. Thus, it is highly desirable to achieve an adequate cover of vegetation
by the end of this period in order to mitígate the effects of storms occurring at the end of
spring and in the summer. This cover should comply with prerequisites such as mini-
mizing soil erosión, adapting to the existing environmental conditions, and its manage-
ment should be cost-effective and simple.
Morphologically, the study área may be defined as gently rolling with main slopes
facing north and highest points in the southern área. Lithologically, the two study áreas
overlie the arkosic sediments of the so-called «Madrid facies», although in the case of
the olive plantations these materials have been in large measure supplemented by exten-
sive deposits supplied by the Maqueda stream.
The área in which the study plots are found has been included in a soil association
comprised of calcic luvisols, and calcic and gleic cambisols overlying arkoses together
with eutric fluvisols and eutric and distric regosols over alluvio-coluvial sediments.
Given the magnitude of the scale, this soil characterisation was only used as a general
reference.
Through random sampling of each plot, the general characteristics of the soil were
established by the analysis of the surface 20 cm (Hernández et al., 1997). This permitted
the observation that the proportion of organic matter was extremely low both in vineyard
and olive plantation soil (means of 0.3 and 0.4% respectively). The percentage of total
N was similarly low (0.024 and 0.027%). Soil pH was discreetly higher in the olive plan-
tation than in the vineyard (mean 5.8 vs. 5.4) and is consistent with the aluminium lev-
éis observed. Soil NO, levéis were similar, while P,O;, K, Ca, Mg were distinctly high-
er in the vineyard. The soil texture was sandy-loam.
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Experimental triáis
Triáis were performed on 96 m. x 12 m olive, and 51 m. x 9 m vine plots.
Evaluation of the use of a veích covers for the olive plantation. This legume was
sown in November. At the time of flowering, it was mechanically trimmed to reduce
competition for water, but remnants of cover were temporarily left on the soil before
being buried.
Evaluation of the use of a subclover covers. Vine and olive plots were sown with
subclover (early and mid cultivars: Nungarin, Daliak and Esperance). This cover per-
forms the same basic function as the vetch cover but since it roots to a lesser depth, it
may be less competitive for water. In this trial, weeds were left to grow alongside the
clover.
Evaluation ofthe use of a weed covers. Similar plots were also designed to evalúate
the sustainable conservation of the area's natural flora (spontaneously growing native
species). Mowing to a few centimetres above soil level served to minimise competition
for water at the time when most water is needed by the crops coinciding with the period
of least rainfall. Nevertheless, this management strategy was designed to promote a cer-
tain amount seed dispersa! to maintain this herbaceous cover over successive years.
Creeping plants were preferentially propagated to protect the soil from erosión.
Evaluation of tillage or burial of vine branches. Conventional tillage systems were
considered according to the uses and customs of the área. Attempts were made to
increase the organic matter content of the vineyard soil by burying chopped, dry vine
branches from the previous crop.
Evaluation ofnon-tillage plus the use ofherbicides. The statistical design of each trial
was based on triplicate random blocks and control plots subjected to conventional tillage.
Monitoring of the plots and the necessary tasks were subject to the appropriate spatial
and time scale for each trial. Floristic inventories were drawn up for each weed plot with
or without subclover. Total coverage valúes corresponding to each plot were also deter-
mined.
Soil analysis
Samples for soil moisture determination were obtained using a 2.2 cm diameter man-
ual probé. One sample was obtained per plot covering three depths (0-20, 20-40 and 40-
60 cm). Samples from the most superficial layers were subjected to chemical analysis.
Analytical determinations were performed according to methods described by
Hernández and Pastor (1989).
Biochemical fertility was established by measurement of the factors considered to
provide most information in terms of improvement of starting soil conditions: microbial
biomass (estimated through ATP content), induced and basal activity of the soil (the for-
mer is related to the organic matter which is poorly developed, energetic and easily min-
eralised and the latter is related to the endogenous material of the soil i.e., the material
which particípales in the formation of the clay-humic complex) determined via the CO2
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concentration, and the metabolic quotient which is determined by measurement of the
end-products of the metabolic pathways of the microorganisms in the soil (CO2/ATP).
These results were analysed by reference to valúes established for similar soils in the
south of Italy (mean O.M. contení, 0-5%; sand contení, over 70%; pH, slightly acidic)
(Maire, 1987; Maire et al., 1999).
RESULTS AND DISCUSSION
Effects of climate and treatments on water balance and crop production
The moisture of the soil was determined by weight difference at depths of 0-20, 20-
40 and 40-60 cm on three spring days during the firsl year (Table 1).
In the case of the vineyard, percenlage moislure was clearly higher at each depth and
on Ihe ihree dales tested in plots sown wilh subclover. Moislure valúes corresponding to
the Ireatments «weed cover», «lillage» and «tillage+vine branches» were similar. Only
on Ihe odd day and deplh, was Ihe moislure of Ihe «tillage» treatmenl plol somewhal
higher. In conlrasl, soil moislure valúes corresponding to the olive plantations were
grealest for plots subjected to tillage, and on occasion, for those with a weed cover. Olive
plols sown wilh velch generally showed lower percenlage moisture valúes at most deplhs
than remaining olive plots even after mowing.
There may be some doubl as to the viability of velch crops grown in olive plots dur-
ing very dry years. Paslor and Caslro (1995) monilored Ihe soil moislure level Ihrough-
oul a year when precipilalion was eslimaled al 320 mm, and observed that land cullivat-
ed with live barley or vetch covers remained more humid Ihan soil devoid of vegetation
subjecled to mínimum tillage. We are thus optimistic about the fulure of Ihis cullivation
technique for soil conservalion in semiarid environmenls.
T^ol on'ly lempora'i, 'otíi xpatra'i •vnrakitittj TÍFJZ, •jíítcte «i/t COlcaJion. characlerislics of
Ihe firsl 60 cm of differenl soils given over lo vine cullivalion in Medilerranean climates
(Leonard and Andrieux, 1998). The results obtained by mese aulhors are similar lo ours
in Ihal Ihe firsl cenlimetres of soil in vineyard plots with herbaceous cover show less
humidily Ihan Ihe underlying 20-40 cm. Only in non-lillage plots does the reverse occur.
We can therefore stale Ihal the different irealments tesled do show an effect on soil mois-
ture level.
Plols with less soil moisture were ihose containing chopped vine branches, probably
due to the increased water requirements of Ihe organic remains. This need for waler was
followed by the weed covered soil, mainly atlribulable lo germinalion and regrowlh. The
non-tillage plots, which were kepl weed-free ihrough the use of herbicides, showed least
waler requiremenl since iranspiralion and pumping of waler inlo Ihe almosphere is avoid-
ed. The clover-sown plol was nexl, where water penelralion is favoured and exlensive
superficial growlh of rools dries Ihe surface prevenling Ihe opportunislic germinalion of
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weeds. The conventionally tilled land represents the intermedíate situation in terms of
water needs.
Since the effect of water availability on growth and production of olive trees was
described by Michelakis (1995), the results detailed below correspond to the vineyard
only (Table 2).
Thus, for a yearly rainfall of 350 mm, grape production may reach 10,000 kg/ha.
Autumn-winter rainfall valúes as low as 160 mm are sufficient to cover the water needs
of weeds. Only during one (1982-83) out of 17 years were rainfall valúes under 160 mm
recorded. In spring-summer, 100 mm of rain is sufficient to exceed production valúes of
8,000 kg grape/ha.
These fmdings ¡Ilústrate that only during 1 year in 8 would the plant cover show a
water depressant effects on the vine. The possibility that a year of drought may coincide
with another production limiting factor such as spring frost (1 in 4 years), hail (1 in 10
years) and reduced flowering provoked by pollen loss due to late rainfall (1 in 5 years),
is such that the water competition problem is almost certainly masked. Indeed, these
extreme weather conditions lead to mean production losses of 50%. It follows that water
supply problems arising from a plant cover may be reduced to 1 in 16 years.
Table 3 shows the soil moisture contení of the olive plantation and vineyard in June
when both crops flower (first fortnight in June) during the three years of study. Indeed,
this soil moisture valué gives some indication of the potential viability of the plant cover
for the management woody crops in a semiarid environment. However, while the vine
has a vegetative cycle (sprouting-harvesting) of 6 months (March-September), that of the
olive is 10 months (March-January). Thus, in the vineyard this periods extends to the
end of summer, while in the case of the olive plantation, autumn rainfall may serve to
compénsate reduced water availability at the end of spring during dry years.
In 1997 (a wet year), there was no difference in the soil moisture levéis of vineyard
and olive plantation plots subjected to the different treatments. This resulted in similar
grape and olive production valúes (the latter were harvested in January 1988).
In 1998 (also a wet year ), given the greater coverage achieved by the permanent
plant covers in the olive plantation compared to the previous year, reduced soil moisture
levéis were recorded with respect to the other treatments, but these levéis were greater
than those corresponding to plots with no cover in 1999. During this latter year, the weed
covered vineyard plots showed the increased presence of the summer plant, Cynodon
dactylon, which is highly competitive for water, explaining the reduced availability of
water in the soil.
In 1999 (dry), despite differences between plots, in June each plot showed less soil
moisture than previous records corresponding to the middle of August (wilting point).
However, this did not lead to reduced grape production, with even greater production
valúes recorded for the tillage treatments. A clear difference in grape production between
treatments was recorded while changes in olive production were not so marked. This
would seem to indícate less competition with the olive tree on the part of the plant cover.
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Table 1. Soil moisture (%) in soil samples (0-20,20-40,and 40-60 cm depth) in vineyard
and olive plantations at three moments during spring of the first year
Management
VINEYARD
Subclover
Weeds
Tillage
Tillage+v.b
OLIVEPlantation
Vetch
Weeds
Tillage
Depth
0-20
20-40
40-60
Total
0-20
20-40
40-60
Total
0-20
20-40
40-60
Total
0-20
20-40
40-60
Total
0-20
20-40
40-60
Total
0-20
20-40
40-60
Total
0-20
20-40
40-60
Total
25-IH
6.2
18.2
17.7
42.1
4.6
14.2
13.9
32.7
7.6
10.3
14.3
32.2
8.3
10.2
13.1
31.5
2.0
5.8
12.7
20.6
3.4
8.8
14.0
26.2
4.6
10.1
16.8
31.5
22-IV
11.9
17.5
16.8
46.2
9.6
15.0
14.6
39.2
12.1
14.4
17.5
44.0
13.5
12.3
12.6
38.4
8.6
7.1
8.5
24.2
9.0
8.9
11.4
29.3
10.0
11.3
16.5
37.8
15-V
10.9
14.0
14.1
39.0
10.3
12.1
12.8
35.2
7.5
12.7
14.8
35.0
8.3
10.6
14.8
33.7
4.7
4.8
9.5
19.0
3.7
8.9
10.4
23.0
6.9
4.3
8.4
19.6
Biodiversity and plant cover
In semiarid áreas of the Iberian Península such as the study área, scarce rainfall and
high temperatures to a large extent hinder the establishment of a plant cover. Further
allochthonous species from countries of milder climate are generally used. Thus, knowl-
edge of native species is of great interest in terms of their sustainable use in these sys-
tems.
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Table 2. Rainfall and grape production ( Garnacha variety ) at the Higueruela (Toledo,
Spain)
Year Rainfall I/m2 kg/ha
Annual Sep-MarApril-Aug
80-81
81-82
82-83
83-84
84-85
85-86
86-87
87-88
88-89
89-90
90-91
91-92
92-93
93-94
94-95
95-96
96-97
97-98
98-99
342
358
242
481
458
308
509
610
307
543
432
358
413
454
275
535
566
638
295
169
257
129
312
352
255
340
348
183
443
349
160
208
322
197
403
413
460
203
173
101
113
169
106
53
169
262
124
100
83
198
205
132
78
132
153
178
92
8423
5329
3231
3021
6138
3222
10386
0
4426
8067
6528
10131
4563
3372
821
4596
8610
5377
8123
Climatic events
Spring frost
Drought
Reduced pollinat. due late rain (9 1. on June 3)
Spring frost (-5.5 and -4°C on June 9 and
Mildew due to frequent rain in May/June
Drought
Reduced pollinat.(55 and 19 1. on June 5
Frost (-1.5 "ConApril 16)
Frost (-3°C on April 25)
Hail (25.8 1. on May 9)
Reduced pollinat. due late rains (48 1 end
Drought
13)
and 9)
May)
Table 3. Soil moisture (%) in 0-60 cm depth soil samples in the vineyard and olive plan-
tations in June (flowering) according to management treatment and year
VINEYARD
Management
Weeds
Subclover
Tillage
Tillage+v.b
Non-Tillage
Irst
11.0
12.0
10.2
10.1
12.7
Year
2nd
7.3
10.7
10.4
9.5
13.1
3rd
4.9
4.7
6.2
6.6
7.1
Management
Weeds
Subclover
Vetch
Tillage
Non-Tillage
OLIVE Plantation
Irst
7.1
-
6.9
8.4
7.7
Year
2nd
6.8
5.9
9.6
10.7
7.7
3rd
3.6
3.1
5.0
4.4
5.4
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At the end of the first year of this experiment, over 50 autochthonous species were
found to grow in the three weed plots which were subsequently cut back to a few cen-
timetres above soil level in spring (Hernández et al., 1998). At the beginning of spring,
the herbaceous cover surpassed 50% in most olive plantation plots and was slightly over
30% in vineyard plots. We feel that these proportions would serve to impede erosión to
a large extent. This idea is supported by the results shown in Tables 4 a and 4 b.
Table 4a. Plant cover (subclover, weeds, total cover) and bare soil in the plots with weeds
and subclover in the springs of the studied years
VINEYARD
% cover
Total
Subclover
Weeds
Bare soil
with
!„,
61
23
38
39
Plots
subclover
3ri
97
91
6
3
OLIVE Plant.
Plots with
weeds
1-
43
-
43
57
3'"
81
2
80
17
% cover
Total
Subclover
Weeds
Bare soil
Plots
with
1-
48
8
40
52
subclover
3rt
79
7
72
21
Plots with
weeds
I-
47
-
47
53
3'"
80
-
80
20
Table 4b. Total plant cover in the weeds and subclover plots during the autumns of 1998
and 1999
2"" year
Plots
with subclover
Vineyard Olive Plant
3rd year
Plots Plots
with weeds with subclover
Vineyard Olive Plant Vineyard Olive Plant
Plots
with weeds
Vineyard Olive Plant
8946253480178395
The inventories drawn up suggest that in vineyards and olive plantations subjected to
continuous tillage over many years, it may be possible to cultívate certain annual poaceae
species such as those of the genera Lolium, Bromus and Vulpia since these emerge before
or at the same time cereal is generally sown. Further, these plants develop rapidly and
complete their phenological cycle before the end of spring providing a permanent soil
cover. Legumes appear less commonly on tilled soil, although judging from the invento-
ries obtained, Ornithopus compressus, Biserrula peleclnus and Trifolium arvense would
seem to be ideal for this pulpóse in olive plantations (Table 5).
On the other hand, given the axomorphic nature of the roots of the composites, com-
petition of these species for water should also be taken into account, particularly since
Anacyclus clavatus presented the greatest coverage valúes for plots of both ligneous
crops.
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These data appear to be highly satisfactory with regard to the control of soil erosión,
given that during most of the year the naked soil área never reaches 50%, ind in the
autumn of the third year of this study, valúes of only 17% bare soil were remorded for
plots sown with subclover and 12% for plots with a weed cover.
Tibie 5. Most frequent weeds in the vineyard and the olive plantations
VINEYARD OLIVE Plantation
Winter Spring Spring Autumn
Diplotaxis catholica
Spergula pentandra
Cerastium glomeratum
Leontodón taraxacoides
Anacyclus clavatus Biserrula pelecinus
Spergula pentandra Ornithopus compressus
Hemiaria hirsuta Trifolium arvense
Trigonella poliyceratia
Anthemis arvensis
Rumex brucephalophorus
Corynephorus sp.
Spergula pentandra
Anacyclus clavatus
Artemisia-herba-alba
Portulaca olerácea
Pulicaria paludosa
Amaranthus retroflexus
Chenopodium álbum
Conyza canadensis
Efilobium palestre
In the vineyard, plant biodiversity at the start of spring was slightly lower than in sim-
ilarly treated olive plantation plots (an average of 30 species), with a predominance of
Diplotaxis catholica, Spergula pentandra and Anacyclus clavatus. Biodiversity was sim-
ilar to that achieved in the plots where T. subterraneum grew. However, while plots of
natural spontaneous vegetation showed a mean coverage valué of 40-45%, those sown
with clover reached 75% coverage at the start of the third spring and practically all these
plots had reached valúes of 90-95% by the end of this spring.
This coverage valué was maintained until autumn 1998, compared to the 25% cover-
age attained by autochthonous vegetation during the same period (Table 4 b).
Trifolium subterraneum covers
Inoculated seeds were used in all cases. Growth and seed production of the different
populations was optimum both for early and late varieties. This type of cover was most
efficient in the vineyard, forming a considerable protective mesh against the erosive
action of spring storms and against superficial runoff in the winter in sloped plots.
Marked coverage was achieved in the two last springs of this experiment, with cov-
erage valúes of 90% for the vineyard (Table 4a). Induced by the autumn rain, the seeds
buried during spring production were able to germinate leading to mean coverages
exceeding 80% for each plot.
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These results are considered to be highly favourable with regard to the fight against
soil erosión.
Soil chemical and biochemical fertility
Fertility is defined as the global expression of the physico-chemical and biochemical
tonditions characterizing the soil system. The results of the chemical analysis of the soils
of the first and third year are shown in Table 6.
Each of the olive tree plots tended to show increased chemical fertility. In contras!,
no clear indication of improved chemical fertility has been shown so far in vineyard
plots, although there appears to be an increase in organic matter in soils with vegetative
cover and reduced organic matter contení in tilled soils.
Table 7. Soil biochemical fertility in the different types of management after a 3-yr field
experiment
Soil Biochemical
Parameters
VINEYARD
ATP Contení
Induced Activity
Basal Activity
Metabolic quotient
OLIVE Plantation
ATP Contení
Induced Activity
Basal Activity
Metabolic quotient
mg/g
(C02) mg/g/h
(C02) mg/g/h
(CO2/ATP)
mg/g
(C02) mg/g/h
(C02) mg/g/h
(CO2/ATP)
Vetch Weeds
132±2.0
0.6±0.0
0.8*0.1
4.2±0.5
95±40 140+26
0.8±0.1 0.6±1
0.5+00 0.8+0.3
10.7+5.2 4.6±1
Management
Subclover Tillage NonTillage Tillage
+v.b
235±121
0.7±0.2
1.0±0.2
3.6±1.2
146±6
0.1 ±0.1
0.6±00
5.4±0.7
147±38
0.7+0.1
0.6±0.1
4.7±1.0
105±59
0.6±0.1
0.4±00
7.0±2.3
159
0.9
0.6
5.6
49±7
0.7±0.1
0.3±00
14.2±0.4
151±22
0.7±0.0
0.6±0.0
4.4±0.7
The experimental approximation of soil biochemical processes which condition and
regúlate the circulation of organic material between the plant and its médium, is of
utmost importance for the understanding of the triáis conducted. The ATP level is a
marker of soil biomass and the amount of CO2 in the soil may be used as an indicator of
soil respiration (Maire et al, 1999). At the end of the experiment (Table 7), there were
indications of soil regeneration by the different herbaceous covers which appears to be
most intense in the case of treatment with subclover yielding máximum microbial bio-
mass valúes. This regeneration was related to the effect of the rhizosphere of the live cov-
ers over the trial years.
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Proposed management strategies
The adequate management of annual herbaceous covers on the sandy soils of semi-
arid environments is a difficult task. However, based on the reduction in the proportion
of bare soil observed (Table 4) and on further observations detailed in Table 5, the con-
clusions to be drawn cover three main áreas which require consideration in terms of man-
agement strategies:
Planting.- Covers comprised of small seed species (such as subclover) may be sown
at the end of September using a small amount of seed; later seeding requires double
quantities. The best time of seeding is determined by the rainfall regime of the agricul-
tural year. It is clear that the improved management of early and early to mid cultivars of
subclover for both these ligneous crops aimed at controlling erosión is a primary requi-
site.
Mowing.- It is proposed that the mechanical mowing of weeds should be scheduled
for several times a year. This is due to the fact that the number of resident species shows
great variation related to the phenological cycle. In the case of the olive plantation, a
minimum of two cutting should be conducted in spring (to permit the better growth of
spontaneous creeping legumes) and occasionally a further one in autumn. In the vine-
yard, cutting should be performed in January (to avoid the spread of Diplotaxis catholi-
ca, one of the major covering species) and again in spring, to avoid the proliferation of
Anacyclus clavatm since it is the most competitive for water, together with other species
of later cycle.
Nutrition.- Since this type of soil is particularly low in N, we feel that covers which
include legumes will favour the fertility of the soil to a greater degree than cereal based
covers. Resident (not seeded) leguminous vegetation should be given preference in the
olive plantation to permit management in terms of improved N supply.
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